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Ipstrumentation  to  Facilitate  High  Precision  Materials  Svnth<ssis  and 

Analysis 

With  an  Existing  Ti-Sapphire  Femtosecond  T^asAr 

Abstract 


We  have  designed  and  built  a  high  precision  computer  controlled  materials  syinthesis  and 
^J^is  vacuum  apparatus  which  will  enable  slate-of-the^art  control  for  both  micro- 
inspection  as  well  as  thin  film  synthesis  when  interfeced  to  our 
^ivemity  9  Ti-sapphire  femtosecond  laser.  The  majority  of  the  machining  of  this 
SLTf*  ^  to  be  p^ormed  at  a  company  who  has  had  difficulties  wiA  meeting 
^hedules  dw  to  pro^ble  downsizing  issues.  This  has  left  our  project  seriously  behind 

®  f  ^  ^  ^  The  apparatus 

consists  of  a  high  precision  gonimeter  on  which  the  laser  target  is  held  on  to  a  motorized 

^  '^ndow^  fl^ough 
^tra-high  accuracy  liiangulating  laser  sensors  are  used  to  measure  surface 
details  to  snb^cron  precision  regardless  of  the  optical  condition  of  the  surface  (difiuse 
or  specular)  The  abiUty  to  precisely  raster  the  target  during  ablation  has  dual  use.  In  the 
^  of  syntfaes^g  thm  films,  the  sfastering  prevents  cone  formation  in  the  target  and 
us  improves  fi  quality.  When  ablation  is  used  for  removal  of  layers  ftom  a  garnpiff 
such  as  paint  or  conversion  coating,  in  preparation  of  further  surface  analysis,  the 
lasteimg  facili^s  making  a  suitable  window  through  the  layer.  Additionally,  duplex- 
yered  electrodes  may  be  fonned  by  combining  synthesis  and  micro-machining  so  as  to 
expose  ayers  during  electrochemical  analysis.  The  apparatus  has  been  designed  by 

®  heed  for  such  a  system  at  reasonable  cost  and  because  no  such  system  to 
our  knowledge  was  available  on  the  market 


Descripfion  and  Useage  of  Acquired  Eonipmeiit 

We  have  built  an  UHV  vacuum  chamber  (see  Figure  1-3,  attached)  containing  a  high 
piwision  sample  positioning  and  inspection  system,  along  with  computer  code  written  in 
C+,  mterfeceable  to  an  athermal,  ultra-fast,  femto  second  Ti-Sapphire  laser.  Below  we 
show  m  photo  4  our  constructed  machine.  Tlie  system  houses  a  multi-axis  gymbai  with  x- 
y  motonzed  ^ges  for  both  target  and  substrate  manipulation.  The  system  accommodates 
both  la^r  ablation  of  a  t^get  for  film  deposition  onto  a  substrate  as  weU  as  ablation  from 
a  sample  (target)  containing  a  coating  or  corrosion  product  layer  that  needs  to  be  stepwise 
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removed  in’  or(^r  to  ^icilitate  surface  analysis  by  Micro-ATR  IR  spectroscopy.  Static 
SIMS  or  area  XPS.  High  precision  inspection  is  accommodated  by  two  Laser 
Displacement  Measuring  Sensors  (LDMS).  llie  vacuum  environment  is  essential  to 
prevent  oxidation  of  reactive  species  (such  as  magnesium)  of  importance  to  ow  studies. 
The  UHV  environment  is  accommodated  by  a  500L/sec  turbo  pump  horizontally 
mounted  for  mavimuTn  conductance.  (Magnetic  bearings  make  this  possible). 


Newly  developed  triangulating  CCD  LDMS  allow  for  accurate  and  timely 
feedback  and  measurement  of  both  the  ablation  process  as  well  as  fihn  deposition  rates. 
These  measurements  are  conducted  in  situ  during  the  experiment  and  their  accuracy  is 
unaffected  by  color,  surface  texture  and  stray  li^t.  We  used  two  of  these  sensors  in 
tanrierrij  one  Optimized  for  measuring  optically  diffuse  materials  and  one  optimized  for 
optically  specular  materials.  Since  these  instruments  can  be  operated  throu^  a  window, 
which  we  have  mounted  on  a  bellows,  this  strategy  affords  us  the  flexibility  to  monitor 
and  capture  very  accurate  measurements  of  the  sur&ce  condition  without  haiving  to 
remove  the  specimen  from  its  vacuum  environment  and  risk  contamination.  Bothi  diffuse 
and  specular  sensor  heads  are  capable  of  measuring  surface  profile  details  in  the  sub- 
micron  range.  Two  dimensional  profile  can  be  captured  in  situ  by  rasteiing  the 
precision  XY  stages  of  the  planetary  goniometer  underneath  the  sensor  heads  in  a  grid¬ 
like  pattern.  The  size  of  the  beam  qmt  of  tiiese  sensors  average  about  40  micmns  in 
diameter.  Should  we  require  greater  spatial  resolution  than  can  be  currently  pixndded  by 
these  devices,  we  propose  using  a  custom  assembled  instrument  which  has  recently  been 
funded  by  the  U.S.  Army  and  is  already  installed  in  our  fiicility.  While  this  instrument 
shares  the  same  core  technology  as  those  previously  mentioned,  it  relies  on  a  confocal 
laser  menhanism  to  detect  sur&ce  displacement  changes.  The  hi^  performance  optics  of 
this  device  allow  for  an  extremely  small  beam  size  of  only  2  microns  in  diameter.  The 
sensor  head  is  currently  coupled  to  two  ultra-high  precision  scanning  XY  stages  and, 
when  rasteied  imHamwath  the  sensor  head,  ablated  crater  morphology  can  be  resolved 
with  thomsarida  of  data  points  for  an  extremely  precise  picture  of  the  erosion  process 
itself.  This  equipment  exists  as  a  stand-alone  system  external  to  the  vacuum  chamber. 
The  laser  head  cannot  be  used  in  the  same  capacity  as  the  triangulating  sensor 

since  its  small  focal  length  does  not  permit  it  to  be  used  through  a  window. 

These  measurements  require  that  the  sample  be  manipulated  linearly,  radially  or  both  in 
order  to  bring  the  surface  of  the  sample  to  bear  imdemeath  the  sensor  heads.  The 
planetary  goniometer,  in  conjunction  with  its  precision  XY  motorized  stages,  allows  us 
this  motion.  Hence,  a  surfoce  can  be  micro-machined,  rotated  underneath  the  seizor 
heads  for  inspection,  then  returned  to  its  original  machining  position  for  further  ablation. 
The  origiiial  are  stored  in  computer  memory  and  the  precision  inherent  in  the 

goniometer  mechanism  itself  is  swh  that  the  item  in  question  can  be  returned  to  the  same 
location  with  great  precision,  even  after  being  subjected  to  very  complex  and  convoluted 
motion  the  vacuum  chamber.  However,  in  order  to  be  able  to  mposition  the  sample 
after  it  has  been  removed  ftom  the  chamber  and  either  ejqrased  to  a  test  environment  or 
following  comprehensive  surface  analysis,  for  whatever  reason,  requires  a  more 
sophisticated  approach.  We  will  use  a  hi^  resolution  CCD  camera  to  capture  the  position 
of  the  sample  with  reference  to  the  camera’s  position,  the  camera  itself  being  rigidly 
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mounted  to-the@xterior  of  the  ^ reLved)  by 

follows:  a  sample  material  would  be  PP  ftom  the  vacuum  chamber 

femto-second  ablation.  Tto  te  altering  te  smbce  conation 

and  sii^ected  to  some  A,  a-abzed  by  any  of  die  afotemeiittonrf 

somewtaL  The  condition  ^^^dhitoLvacuomchambet  to 

chemical  analysis  tedmiques,  wtet^it^^^^^^^  ^  the 

further  decapping  and  analj^.  P  ^  sample  in  4e  cqiprmtmate  posjtton  it 
cmnera  is  used  by  the  “P®*”  “  ft«are  «m  eorrelam  the  images 

oacnpied  prior  to  its  '7‘”f m  determine  the  final  displacement  of  the 
obtained  before  iraoval  and  to  move  the  sample  into  its  ongi^ 

sample.  The  pree^ton  stages  wU  ^  gson  recommence  at  the 

location  vdthin  tlm  f ^  eleven  be  performed  remotely  via  a  network 

the  chamber. 

The  vaennm  chamber  also  affords  prot^  o^°to^'2SS'b^ 

in  foe  Plmne.  while 

rnnv-nt  Don  Fnnded  Prooratns  Supnort«t»  hV  tlsfa  ?«>P^ 


Meehp-t---  af  Mnlft^mnanent  romposite  Coating  Systems 

Clive  R.  Clayton  and  ^  identify  and  quantify  mechanisms  of 

The  primary  objective  of  the  proposed  tprVimaues  ir<-inding  secondary  ion 

composite  coating  .fo^«o^^^^^^^y„Viutement,  distal  image 

mass  spectroscopy  (SIMS),  laser  corn  j  microspectroscopy, 

coitetefo.nstmin  vector  detection,  fo^  tt^t™  J  *a 

X-ray  photoelectron  “P'^d^^^PyJ^f'^^^^^JL^mpo^hic  changes  (due 
.osuWng  model  of  snr&ce  and  interfeci^  ehei^  to 

to  iScial  adhesion  fintare)  ^tetoSd’wifo  foe  ongoing 

cbmrge.  Bofo  the  planning  snd^fo  of 

effort  at  the  Army  g^mnSal  Research  and  Developmeni 

awarded  a  large  program  from  the  strategic  models  and  analytical  test* 

Program  (SERDP)  to  study  Life  CycteAnalysK 

developed  in  this  program  will  ^  ^  Navy,  An*  Force  an< 

of  CARC  composite  coatmgs.  M  jf  ®  ^  ^  ReoresLtative  samples  will  b 
Marines  are  perfonmng  fieW-testmg  o  .^^ajy  ^  primary  focus  of  our  research  i ; 
deUvered  to  our  l^oratoiy  for  ^ysis.  In  failuJ^^hanisms  using  spatial! ' 

(3) "  ^ 

coatings  fiom  field  tests. 


Oct-Z'S-ZOOZ  03:56PIII  From-OFFICE  OF  SPONSORED  PROGRAMS 


6316326963 


T-650  P. 005/009  F-850 


fi»--  De-lrt^l  lT,.ni«-  Penetrator  Sy.t«iis 

bei  prepared  for  electrooh^cal  “ 

SlLoealfeed  eorroaiop  has  been  observed  »  occur  arfoe  former 
of  liiangular  uranium-titanium  iirtennetallic  compounds.  We  ^  screen^  - 

promising  inhibitor  ions  which  may  he  formed  into  a  non-toxic  conversion  c  g. 


n.^.fo.,m.nr  of  Now  Boaeamh  Caonbilities  Tit  goppoH  of  Gra^tt»«« 
Undergraduate  Training 

The  primary  function  of  the  system  will  be  to  extend  our  knowledge  of  ^ 

both  corrosion  failure  and  corrosion  protection  and  will  serve  to  strengthen  on  gi  S 
f^d3^te  student  research  as  weU  as  to  support  fiitum  research  ^ 

endeavors  in  the  multi-disciplinary  field  of  b®MS.  I  in 

annaratus  for  undergraduate  iMn  film  design  projects  supervised  by  the  PJ.  (Cla^onj  in 
Ws  rurse  ofiering;  eSj  339  Thin  Film  Processing.  The  instiumenmtion  ^ 
comnositionally  more  complex  thin  films  to  be  synthesized  by  fe  laser  ablation  than 
cun^tly  may  be  formed  in  this  laboratory  by  ion  beam  methods  such  as 
SSSpositiom  Hence,  complex  intermetallic  compounds  may  ize^or 

the  first  time  having  chemical  and  structural  homogeneity.  This  mcludes  fieedom 
S^-SntX^ed  by  ion  beam  techniques.  In  ESG  339  the  students  are  taught 

Luum  design,  Lfece  analysis  and  thin  film  synthesis 

machining  (cutting)  and  analysis.  The  apparatus  bmlt  through  f  ^ 

provide  cutting  e^e  training  and  instruction  in  a  new  and  potentially  important  new 

synthesis  tool. 

Costs  Incurred  in  Eanipment  Manufacturing 
The  major  part  of  this  grant  and  associated  institution 

enniiieetmg  V  Henniomcs  Northwest  Ino.  of  our  design  of  a  comply  UHV  sm^le 
go^otS,  Lmm  chamber  and  a  custom  eight  in*  ” 

Counted  on  a  beUows  with  rack  and  pinion.  This  pacin'  “s' ^  ^  “ 
foe  coveted;  two  laser  sensor  heads  and  compnter  coimolled  ^ 

($20,000),  a  500  liter  per  second  turbo  pump  with  tw 

nrAPTaramable  sample  heater  ($6000),  alummum  extruded  matenals  ($^000),  tw 

L^uters  and  monitots  ($5000),  8  in*  gate  valve  ($30W), 
purchases  of  software,  gaskets,  fasteners  and  vacuum  gauge  mstnimentation. 
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Figure  1)  3-D  CAD  wire  frame  drawing  of  equipment  cradle  (chamber  not  shown). 
Figure  2)  Figure  1,  rendered  with  hidden  lines  removed. 

Figure  3)  Original  vacuum  chamber  schematics. 


Completed  system  shown  with  computer  workstation  ana  laser  sensor  eieeimuira. 


